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(54) Abstract Title 

Double ended dispersion compensation device using a chirped grating 



(57) A dispersion compensation device comprises a chirped grating (6), and a first optical unit (7a or 70a) for 
guiding at least a lightwave signal with a wavelength of \ that needs a positive dispersion compensation and 
is applied thereto to one end portion of the chirped grating whose-grating pitch is shorter, and for outputting 
light reflected by the chirped grating to outside the device. The device further comprises a second optical unit 
(7b or 70b) for guiding at least a lightwave signal with a wavelength of Xj that needs a negative dispersion 
compensation and is applied thereto to another end portion of the chirped grating whose grating pitch is 
longer, and for outputting light reflected by the chirped grating to outside the device. Both the first and second 
optical units can be either Qptical circulators or optical couplers. A device using two chirped gratings is also 
disclosed (Fig. 8). 
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DISPERSION COMPENSATION DEVICE 



The present invention relates to a dispersion 
compensation device capable of compensating chromatic 
dispersion caused by optical fibers in a multiple-wavelength 
light transmission system so as to reduce waveform distortions 
due to the chromatic dispersion- 
Recent years have seen the wide use of wavelength 
multiplexing technology as a measure to increase the amount of 
transmits ipn through optical fibers. In the wavelength 
multiplexing technology, N light sources each of which can emit 
light with a different wavelength are disposed and each light 
is modulated with a data signal having a bit rate B, so that 
the amount of transmission is increased up to N*B. Recently, 
by using the wavelength multiplexing technology and light 
amplification technology, a system capable of transmitting " 
lightwave signals with an amount of transmission of more than 
100 Gbits at distances of up to 10,000 km is proceeding toward 
practical utilization- 

Conventionally, in a 1.55>tzm-wavelength-range optical 
fiber transmission system, in order to reduce the occurrence 
of waveform distortions due to the chromatic dispersion caused 
by optical fibers to a minimum, dispersion shifted fibers or 
DSFs, which are designed so that the chromatic dispersion is 
zero at a wavelength of 1-55/zm, have been used. If such prior 
art dispersion shifted fibers are used for a multiple- 
wavelength light transmission system, as previously mentioned, 



2 

with a large amount of transmission, the system can be brought 
into a state in which the propagation constants for wavelengths 
which are next to each other are of almost equal, that is, phase 
matching is established, so that a unnecessary signal is 
5 generated due to the four-wave mixing. Although a description 
of the four-wave mixing will be omitted hereafter because an 
explanation for the four-wave mixing is given in detail by -for 
example Govind P. Agrawal, "Nonlinear Fiber Optics", Academic 
Press, 1989, it should be noted that the four-wave mixing causes 

10 serious degradation of the transmission characteristic. 

In order to prevent the four-wave mixing, nonzero 
dispersion shifted fibers whose zero dispersion wavelength is 
forced to deviate from a lightwave signal wavelength range are 
now going to use in mult i-ple-wavelength light transmission 

15 systems. For example, in a case where multiple-wavelength 
light with' a wavelength range of 1,550 nrrTto 1,560 hm is 
transmitted via a nonzero dispersion shifted fiber whose zero 
dispersion wa-v.elength is 1,580 nm and whose dispersion slope 
is 0 . 1 ps/nmVkm, a light component with a wavelength of 1 ,550- 

20 nm is transmitted while it undergoes -3 ps/nm/km of dispersion 
and a light component with a wavelength of 1,560 nm is 
transmitted while it undergoes -2 ps/nm/km of dispersion. 
Therefore, in this case, phase matching is not established 
adequately and hence this makes it difficult for the four-wave 

25 mixing to occur. 

When such -multiple-wavelength Light is transmitted over 
great distances by way of a nonzero dispersion shifter fiber, 
each light component undergoes a cumulative, negative amount 
of dispersion. To reduce the average of the amounts of 

3 0 dispersion which all light components undergo to 'zero, so- 
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called "dispersion management" is carried out. To do 

dispersion management, some 1.3 jum zero-dispersion fibers of 
an appropriate length, each of which provides a certain amount 
of dispersion of +17 ps/nm/lcm for light with a wavelength of 
5 1.55 //m, are inserted at some midpoints in the transmission 
path. However, depending on the wavelength, a light component 
has an amount of residual dispersion, which has not been 
canceled, due to the gradient of the dispersion characteristic 
of nonzero dispersion shifted fibers, i.e. dispersion slope. 

10 For example, in a nonzero dispersion shifted fiber 10,000 km 
long in which dispersion management is carried out such that 
the dispersion for light with a wavelength of 1 ,555 nm is zero, 
a light component with .a -wavelength of 1,55,0 nm has a certain 
amount of residual dispersion of ( 1 , 555-1 , 550 ) *0 . 1* 10 , 000 km 

15 = -5,000 ps/nm and a light component with a wavelength of 1,560 
nm has a certain amount of residual dispersion of (1,560- 
1,555)*0. 1*10, 000 km = +5000 ps/nm. 

A sending terminal station performs a dispersion 
compensation operation on each light component with a certain 

20 wavelength in multiple-wavelength light including light 
components each having such residual dispersion, using a 
dispersion compensation fiber. Dispersion compensation that 
is carried out at a sending terminal station is called pre 
dispersion compensation. On the other hand, dispersion 

2 5 compensation that is carried out at a receiving terminal station 
is called post dispersion compensation. Sharing a needed 
amount of dispersion compensation half and half between the 
sending terminal station and the receiving terminal station is 
effective in compensating the residual dispersion in each light 

30 component, as disclosed by M. I. Hayee et al., "Pre-and Post 



compensation of dispersion and nonlinearities in 10-Gb/s WDM 
systems", IEEE Photonics Technology Letters , Vol. 9, No. 9, pp. 
1271, 1997. 

Referring now to Fig. 9, there is illustrated a block 
diagram showing the structure of an example of a wavelength 
multiplexing sending terminal station including eight optical 
sources and a plurality of prior art dispersion compensation 
devices each for performing pre dispersion compensation. In 
the figure, reference numerals 100a to lOOh denote optical 
sources (or optical senders ) , i.e. OSs for sending out lightwave 
signals with wavelengths of A_ 4 , A_ 3 , A_ 2 , /L_ ir A tl , A„, A„j, 
A^, respectively, 102a to 102g denote dispersion compensation 
fibers each for providing a positive amount of dispersion for 
light of a wavelength which lies in a 1.55/£m wavelength range, 
103a to 103g denote dispersion compensation -fibers each for 
providing a negative amount of dispersion for light of a 
wavelength which lies in a 1.55/zm wavelength range, 104a to 
104i denote light amplifiers, and 105 denotes an optical 
multiplexer. Preferably., an array type wa-veguide grating or 
AWG is used as the optical multiplexer 105. in addition, 
reference numeral 106 denotes a transmission fiber in which 
dispersion management is carried out. A single mode fiber or 
SMF whose zero dispersion wavelength is typically 1 .3#m is used 
as each of the plurality of dispersion compensation fibers 102a 
to 102g for providing a positive amount of dispersion. The 
amount of dispersion per a loss of ldB provided by one single 
mode fiber can be in the range of +80 ps/nm to +100 ps/nm. On 
the other hand, each of the plurality of dispersion compensation 
fibers 103a to 103g can produce a certain negative amount of 
dispersion of -240 ps/nm per a loss of ldB. In this 



specification, a dispersion compensation fiber for providing 
a negative amount of dispersion is simply referred to as a DCF. 
The reason why when comparing the path for a lightwave signal 
with a wavelength of with the path for a lightwave signal 
with a wavelength of A_ 4 in the system as shown in Fig. 9, for 
example, the number of light amplifiers disposed on the path 
for the lightwave signal with a wavelength of A +4 is less than 
the number of light amplifiers disposed on the path for the 
lightwave signal with a wavelength of A. 4 is that the amount of 
dispersion per a loss of IdB caused by one DCF is greater than 
that caused by one SMF, that is, the dispersion efficiency of 
one DCF is greater than that of one SMF . 

A description will be made as to the operation of the 
sending terminal station. The sending terminal station can 
provide a certain amount of dispersion for each lightwave signal 
of a certain wavelength using the plurality of dispersion 
compensation fibers 102a to 102g and the plurality of dispersion 
compensation fibers 103a to 103g, in consideration of the 
residual dispersion to be caused by the transmission fiber 106. 
Referring next to Fig. 10, there is illustrated a graph showing 
an example of the residual dispersion caused by the transmission 
fiber 106. In the figure, (i=l to 4) denotes a wavelength 

which is shorter than the zero dispersion wavelength of the 
transmission fiber 106, and A. +i (i=l to 4) denotes a wavelength 
which is longer than the zero dispersion wavelength of the 
transmission fiber 106. As shown in Fig. 10, since a cumulative 
amount of dispersion which the lightwave signal with a 
wavelength of A.^ undergoes in the transmission fiber 106 is 
negative, a dispersion compensation using at least a fiber for 
providing a positive amount of dispersion is needed. On the 
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other hand, since a cumulative amount of dispersion which the 

lightwave signal with a wavelength of A +i undergoes in the 
transmission fiber 106 is positive, a dispersion compensation 
using at least a fiber for providing a negative amount of 
5 dispersion is needed. When the zero dispersion wavelength of 
the transmission fiber sits right at the center of the 
wavelength range of the multiple-wavelength light passing 
through the transmission fiber 106, as shown in Fig. 10, both 
the lightwave signal with a wavelength of X._ L and the lightwave 

10 signal with a wavelength of A +i undergo cumulative dispersion 
of the same absolute amount but of opposite sign in the 
transmission fiber 106, respectively* 

When sharing a needed amount of dispersion compensation 
half and half between the sending terminal station and the 

15 receiving terminal station, the light-wave signal with a 

wavelength of needs one-half of +7,000 ps/nm, i.e. +3/500 
ps/nm of dispersion compensation, as can be seen from Fig. 10. 
Similarly, the lightwave signal with a wavelength of A. 3 needs 
+2,500 ps/nm of dispersion compensation, the lightwave signal 

20 with a wavelength of A. 2 needs +1 , 500 ps/nm of dispersion 

compensation, and the lightwave signal with a wavelength of A 
_! needs +500 ps/nm of dispersion compensation. It is clear from 
the summation of the amounts of dispersion compensation needed 
for all the lightwave signals that the plurality of positive 

2 5 dispersion compensation fibers alone need to perform +8,000 
ps/nm of dispersion compensation. To do so, SMFs having a total 
length of more than about 47 0 km are needed and a large amount 
of space for mounting those fibers is therefore needed. On the 
other hand, the plurality of negative dispersion compensation 

30 fibers have to have a total length corresponding to --8,000 ps/nm 



of dispersion compensation. The needed total length 
corresponds to ten 1 6cm-diameter reels. 

Recently, a dispersion compensation device using a 
chirped grating fiber, which will be hereafter referred to as 
a dispersion compensation grating or DCG, has been developed 
specifically to solve the above problem of increasing the space 
for mounting a plurality of positive and negative dispersion 
compensation fibers. Referring next to Fig. 11, there is 
illustrated a block diagram showing the structure of such a 
prior art dispersion compensation device. In the figure, 
reference numeral 120 denotes a DCG, 121 denotes an input 
terminal, 122 denotes an output terminal , 123 denotes an optical 
circulator, 124 denotes a chirped grating fiber, and 125 denotes- 
a ref lectionless termination. A lightwave signal, which has 
been input to the DCG 120 by way of the input terminal 121/ is 
furnished to the chirped grating fiber 124 by way of an 
intermediate terminal of the optical circulator 123. The 
chirped grating fiber 124 is a wavelength selectable reflector 
in which the grating pitch of the chirped grating fiber 
gradually increases along its length extending from one end 
portion connected to the optical circulator 123 to another end 
portion that is farther from the optical circulator 123, and - 
has the reflection characteristic as shown in Fig. 12(a). As 
the wavelength of a light component included in the lightwave 
signal input via the input terminal decreases, it is reflected 
off a point in the chirped grating fiber 124 where is closer 
to the optical circulator 123 and is then furnished by way of 
the output terminal 122. On the contrary, as the wavelength 
of a light component included in the lightwave signal input via 
the input terminal' increases, it is reflected off a point in 
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the chirped grating fiber 124 where is farther from the optical 
circulator 123, and is then furnished by way of the output 
terminal 122 . Thus, the chirped grating fiber 124 has the group 
delay characteristic as shown in Fig. 12(b) . In other words, 
5 • the chirped grating fiber 124 can serve as an optical circuit 
for providing a positive amount of dispersion of +1,00 0 ps/nm. 
Alternatively, the DCG 120 can be so constructed as to provide 
a negative amount of dispersion by making the grating pitch of 
the chirped grating fiber gradually decrease along its length 

10 extending from one end portion connected to the optical 

circulator 123 to another end portion that is farther from the 
optical circulator 123. 

Referring next to Fig. 13, there is illustrated a block 
diagram showing the structure of an example of a wavelength 

15 multiplexing sending terminal station including eight optical 
sources and using a plurality of DCGs as shown in Fig. 11. In 
the figure, reference numerals 14 0a to 140d denote DCGs each 
for providing a positive amount of dispersion, and 141a to 141d 
denote DCGs each for providing a negative amount-of dispersion." 

2 0 Thus, by using the plurality of DCGs as shown in Fig. 11 instead 
of the plurality of dispersion compensation fibers as shown in 
Fig. 9, the space needed for amounting the sending terminal 
station can be reduced largely. 

However, a problem with the prior art dispersion 

25 compensation device or DCG, which is so constructed as mentioned 
above, is that a ripple in the amplitude o-f light and a variation 
in the group delay characteristic can cause a transmission 
penalty, a difficult manufacturing technique is needed to 
prevent a ripple in the amplitude of light and a variation in 

30 the group delay characteristic, and this results in increasing 
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the manufacturing cost. Accordingly, the use of one dispersion 
compensation device or DCG for each wavelength in a transmission 
terminal station causes an increase in the cost of building the 
system. 

5 

The present invention is made to overcome the above 
problem. It is therefore an object of the present invention 
to provide a dispersion compensation device capable of doubling 

10 the efficiency of dispersion compensation as compared with the 
prior art DCG, and hence decreasing the cost of building a 
terminal station. 

.In accordance .with the .present invention, there is 
provided a dispersion compensation device comprising a 

15 chirped grating, a first optical unit for guiding at least a 
lightwave signal with a wavelength of that needs a positive 
dispersion compensation and is applied thereto to one end 
portion of the chirped grating whose grating pitch is shorter, 
and for furnishing light reflected by the chirped grating, and 

20 a second optical unit for guiding at least a lightwave signal 
with a wavelength of A ^ that needs a negative dispersion 
compensation and is applied thereto to another end portion of 
the chirped grating whose grating pitch is ^-longer, and for 
furnishing light reflected by the chirped grating. 

2 5 In accordance with a preferred embodiment of the present 

invention, the first optical unit can be a first optical 
circulator having an intermediate terminal connected to the end 
portion of the chirped grating whose grating pitch is shorter. 
In addition, the second optical unit can be a second optical 

3 0 circulator having an intermediate terminal connected to the 



other end portion of the chirped grating whose grating pitch 
is longer. 

In accordance with another preferred embodiment of the 
present invention, the first optical unit can be a first optical 
coupler having a terminal connected to the end portion of the 
chirped grating whose grating pitch is shorter- In addition, 
the second optical unit can be a second optical coupler having 
a terminal connected to the other end portion of the chirped 
grating whose grating pitch is longer. 

In accordance with another preferred embodiment of the 
present invention, the dispersion compensation device can 
further comprise a first grating fiber connected to an output 
terminal of the first optical means through which light 
reflected by the chirped grating fiber is furnished, for 
reflecting at least light with a wavelength of and a second 
grating fiber connected to an output terminal of the second 
optical means through which light reflected by the chirped 
grating fiber is furnished, for reflecting at least lightwith 

a wavelength of A^. 

In accordance with another preferred -embodiment of the 
present invention, the dispersion compensation device can 
further comprise a first grating fiber connected between the 
first optical means and the chirped grating fiber, for 
reflecting at least light with a wavelength of A.^, and a second 
grating fiber connected between the second optical means and 
the chirped grating fiber, for reflecting at least light with 

a wavelength of 

In accordance with another preferred embodiment of the 
present invention, the dispersion compensation device can 
further comprise a first grating fiber connected to an input 
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terminal of the first optical means through which at least the 
lightwave signal with a wavelength of A t is input, for 
reflecting at least light with a wavelength of Aj, and a second 
grating fiber connected to an input terminal of the second 
5 optical means through which at least the lightwave signal with 
a wavelength of X t is input, for reflecting at least light of 
a wavelength of A £ . 

In accordance with another preferred embodiment of the 
present invention, the dispersion compensation device can 

10 further comprise a second chirped grating fiber having an end 
portion whose grating pitch is shorter and which is connected 
to the first optical coupler and another end portion whose 
grating pitch is longer and which is connected to the second 
optical coupler. The first optical coupler is connected to both 

15 the first and second chirped gratings so that the first optical 
coupler divides at least the lightwave signal of a wavelength 
of applied thereto into two parts and guides them to the 
first and second chirped gratings, respectively, and then 
combines light reflected by the first chirped grating with light 

2 0 reflected by the second chirped grating and furnishes the 
combined light. Similarly, the second optical coupler is 
connected to both the first and second chirped gratings so that 
the second optical coupler divides at least the lightwave 
signal of a wavelength of X i applied thereto into two parts 

25 and guides them to the first and second chirped gratings, 

respectively, and then combines . light reflected by the first 
chirped grating with light reflected by the second chirped 
grating and furnishes the combined light. 
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The invention will be further described by way of non-limitative example 
with reference to the accompanying drawings, in which:- 

5 Fig* 1 is a block diagram showing the structure of a 

dispersion compensation device according to a first embodiment 
of the present invention; 

Fig. 2 is a graph showing the group delay characteristic 
of the dispersion compensation device according to the first 
10 embodiment of the present invention; 

Fig. 3 is a block diagram showing the structure of an 
example of a sending terminal station that can perform a pre 
dispersion compensation using a plurality of dispersion 
compensation devices according to the first embodiment of the 
15 present invention; 

Fig. 4 is a block diagram showing the structure of an 
example of a receiving terminal station that can perform a post 
dispersion compensation using a -plurality of dispersion 
compensation devices according to the fdrst embodiment of the 
20 present invention; 

Fig. 5 is a block diagram showing the structure of a 
dispersion compensation device according to a second embodiment 
of the present invention; 

Fig. 6 is a block diagram showing the structure of a 

2 5 dispersion compensation device according to a third embodiment 

of the present invention; 

Fig* 7 is a block diagram showing the structure of a 
dispersion compensation device according to a fourth embodiment 
of the present invention; 

3 0 Fig. 8 is a block diagram showing the structure of a 
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dispersion compensation device according to a fifth embodiment 
of the present invention; 

Fig. 9 is a block diagram showing the structure of an 
example of a wavelength multiplexing sending terminal station 
5 including eight optical sources and a plurality of prior art 
dispersion compensation devices each for performing a pre 
dispersion compensation; 

Fig. 10 is a graph showing an example of residual 
dispersion caused by a transmission fiber; 
10 Fig. ri is a block diagram showing the structure of a prior 

art dispersion compensation device; 

Fig. 12(a) is a graph showing the reflection 
characteristic of the prior art dispersion compensation device 
as shown in Fig. 11; 
15 Fig. 12(b) is a graph showing the group delay 

characteristic of the prior art dispersion compensation device 
as shown in Fig. 11;. -and 

Fig. 13 is a block diagram showing the structure of an 
example of a wavelength multiplexing sending terminal station 
20 including eight optical sources and using a plurality of prior 
art dispersion compensation devices as "shown in Fig. 11. 



First Embodiment 

25 Referring next to Fig* l f there is illustrated a block 

diagram showing the structure of a dispersion compensation 
device according to a first embodiment of the present invention. 
In the figure, reference numeral 1 denotes a dispersion 
compensation device, 2 denotes a first input terminal for 

30 receiving a lightwave signal with a wavelength of A _ x which 



requires a positive dispersion compensation, 3 denotes a first 
output terminal via which the dispersion-compensated lightwave 
signal with a wavelength of \_ L is furnished, 4 denotes a second 
input terminal for receiving a lightwave signal with a 
wavelength of A +i which requires a negative dispersion 
compensation, and 5 denotes a second output terminal via which 
the dispersion-compensated lightwave signal with a wavelength 
of A +i is furnished. In addition, reference numeral 6 denotes 
a chirped grating fiber, 7a denotes a first optical circulator 
having an Intermediate terminal connected to one end portion 
of the chirped grating fiber 6 with a smaller grating pitch (or 
spacing) as compared with that of the other end portion of the 
chirped grating fiber 6, and 7b denotes a second optical 
circulator having an intermediate terminal connected to the 
other portion of the chirped grating fiber 6 with a larger 
grating pitch. The first optical circulator 7a has an input 
terminal connected to the first input terminal 2 and an output 
terminal connected to the first output terminal 3. Similarly, 
the second optical circulator 7b has an input terminal connected 
to the second input terminal 4 and an output terminal connected 
to the second output terminal 5- The dispersion compensation 
device 1 thus can introduce dispersion compensations of the same 
absolute amount but of opposite sign into both two input 
lightwave signals applied thereto by way of the first and second 
input terminals, respectively, by bidirect ionally guiding them 
to the single chirped grating fiber 6 from the two ends of the 
chirped grating fiber, respectively. In this specification, 
t-he dispersion compensation device 1 is hereafter referred to 
as BiDCG (or Bipolar Dispersion Compensation Grating) - 

In operation, a lightwave signal with a wavelength of A 
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which has been input to the BiDCG 1 by way of the first input 
terminal 2, is furnished to the chirped grating fiber 6 by way 
of the first optical circulator 7a. As shown in Fig- 1, the 
grating pitch or spacing of the chirped grating fiber 6 
5 gradually increases along its length extending from one end 
portion connected to the first optical circulator 7a to the 
other end portion connected to the second optical circulator 
7b. Therefore, a light component with a shorter wavelength in 

the lightwave signal with a wavelength of is reflected from 
10 a point in the chirped grating fiber 6 that is closer to the 
first optical circulator 7a, and a light component with a longer 
wavelength in the lightwave signal with a wavelength of A^ is 
reflected from a point in the chirped grating fiber 6 that is 
farther from the first optical circulator 7a. As a result, the 
15 longer the wavelength of a light component included in the 

lightwave signal with a wavelength of A_ £ input via the first 
input terminal 2, the more it is delayed by the chirped grating 
fiber 6 . In other words , the lightwave signal with a wavelength 

of A^ input via the first input terminal 2 is positively 
20 dispersed. On the other hand, a lightwave signal with a 

wavelength of A^ , which has been input to the BiDCG 1 by way 
of the second input terminal 4, is furnished to the chirped 
grating fiber 6 by way of the: second optical circulator 7b. 
Since the grating pitch of the chirped grating fiber 6 gradually 
25 decreases along its length extending from the other end portion 
connected to the second optical circulator 7b to the end portion 
connected to the first optical circulator 7a, as previously 
mentioned, a light component with a longer wavelength in the 

lightwave signal with a wavelength of A +i is reflected from a 
30 point in the chirped grating fiber 6 that is closer to the second 
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optical circulator 7b, and a light component with a shorter 

wavelength in the lightwave signal with a wavelength of A +i is 
reflected from a point in the chirped grating fiber 6 that is 
farther from the second optical circulator 7b. As a result, 
5 the shorter the wavelength of a light component included in the 
lightwave signal with a wavelength of A +i input via the second 
input terminal 4, the more it is delayed by the chirped grating 
fiber 6 . In other words , the lightwave signal with a wavelength 
of A +i input via the second input terminal 4 is negatively 

10 dispersed. 

Referring next to Fig. 2, there is illustrated a graph 
showing the group delay characteristics of the BiDCG 1 according 
to the first embodiment of the present invention. In the figure, 
the plot (a) shows the group delay characteristic of the BiDCG 

15 1 in the case where the lightwave signal with a wavelength of 
A._i applied to the first input terminal 2 is furnished by way 
of the first output terminal 3 and the lightwave signal is 
therefore positiv.e-dispersed by the BiDCG 1, as previously 
explained. The other plot (b) shows the group delay 

20 characteristic of the BiDCG. 1 in the case where the lightwave 
signal with a wavelength . of A +i applied to the second input 
terminal 4 is furnished by way of the second output terminal 
5 and the lightwave signal is therefore negative-dispersed by 
the BiDCG 1, as previously explained. 

25 As mentioned above, the BiDCG 1 according to the first 

embodiment o.f the present invention can provide dispersion 
compensations of the same absolute amount but of opposite sign 
for both two different input lightwave signals, respectively, 
using the single chirped grating fiber 6. Accordingly, the 

30 space required for mounting the BiDCG 1 and the manufacturing 



cost can be reduced largely as compared with in the case of the 
use of a prior art DCG. 

Referring next to Fig. 3, there is illustrated a block 
diagram showing the structure of an example of a sending 
terminal station that performs a pre dispersion compensation 
using a plurality of BiDCGs according to the first embodiment 
of the present invention. In the figure, reference numerals 
100a to lOOh denote optical sources or OSs for sending out 
lightwave signals with different wavelengths of A_<, A.. 3/ A 
- 2 / A-if A. 4.1/ ^+2' ^+3/ ^--4/ respect ively , la to Id each denotes 
a BiDCG according to the first embodiment of the present 
invention, 104i denotes a light amplifier, and 105 denotes an 
optical multiplexer. 'Preferably, an array type waveguide 
grating or AWG is used as the optical multiplexer 105. In 
addition, reference numeral 106 denotes a transmission fiber 
in which dispersion management is carried out. The BiDCG la 
is so constructed as to introduce dispersion compensations of 
± 3,500 ps/nm into two input lightwave signals which it 
receives by way of its two input terminals 2a and 4a, 
respectively. The BiDCG lb is so constructed as to introduce 
dispersion compensations of ± 2,500 ps/nm into two input 
lightwave signals which it receives by way of its two input 
terminals 2b and 4b, respectively. The BiDCG lc is so 
constructed as to introduce dispersion compensations of ± 
1,500 ps/nm into two input lightwave signals which it receives 
by way of its two input terminals 2c and 4c, respectively. The 
BiDCG Id is so constructed as to introduce dispersion 
compensations of ± 500 ps/nm into two input lightwave signals 
which it receives by way of its two input terminals 2d and 4d, 
respectively. 
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Next, a description will be made as to the operation of 
the sending terminal station. The BiDCG la provides a positive 
amount of dispersion of +3,500 ps/nm for the lightwave signal 
with a wavelength of A_ 4 from OS 100a which it receives by way 
of the first input terminal 2a, and also provides a negative 
amount of dispersion of -3,500 ps/nm for the lightwave signal 
with a wavelength of A +4 from OS lOOh which it receives by way 
of the second input terminal 4a. Both the positive-dispersed 
lightwave signal with a wavelength of A_ 4 and the negative- 
dispersed lightwave signal with a wavelength of A +4 -are 
respectively furnished, by way of the first and second output 
terminals 3a and 5a, to the optical multiplexer 105. The BiDCG 
lb provides a positive amount of dispersion of +2,500 ps/nm for 
the lightwave signal with a wavelength of A_ 3 from OS 100b which 
it receives by way of the first input terminal 2b, and also 
provides a negative amount of dispersion of -2,500 ps/nm for 
the lightwave signal with a wavelength of A 0 from OS lOOg which 
it receives by way of the second input terminal 4b. .Both the 
positive-dispersed lightwave signal with a wavelength of A- 
. 3 and the negative-dispersed lightwave-signal with a wavelength 
of A 0 are respectively furnished, byway of the first and second 
output terminals 3b and 5b, to the optical multiplexer 105 . The 
BiDCG 1c provides a positive amount of dispersion of +1,500 
ps/nm for the lightwave signal with a wavelength of A_ 2 from 
OS 100c which it receives by way of the first input terminal 
2c, and also provides a negative amount of dispersion of -1,500 
ps/nm for the lightwave signal with a wavelength of A +2 from 
OS lOOf which it receives by way of the second input terminal 
4c. Both the positive-dispersed light-wave signal with a 
wavelength of A_ 2 and the negative-dispersed lightwave signal 
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with a wavelength of A +2 are respectively furnished, by way of 
the first and second output terminals 3c and 5c, to the optical 
multiplexer 105. The BiDCG Id provides a positive amount of 
dispersion of +500 ps/nm for the lightwave signal with a 
wavelength of A. x from OS lOOd which it receives by way of the 
first input terminal 2d, and also provid.es a negative amount 
of dispersion of -500 ps/nm for the lightwave signal with a 
wavelength of A +I from OS lOOe which it receives by way of the 
second input terminal 4d. Both the positive-dispersed 
lightwave signal with a wavelength of A. l and the negative- 
dispersed lightwave signal with a wavelength of A M are 
respectively furnished, by way of the first and second output 
terminals 3d and 5d, to the optical multiplexer 10.5 . After that, 
the optical multiplexer 105 multiplexes those lightwave signals 
that have undergone the predetermined dispersion compensations 
performed by the four BiDCGs la to Id, respectively. The light 
amplifier 104i then amplifies the group of wavelength- 
multiplexed lightwave signals and sends out it onto the 
transmission fiber 106. 

Accordingly, since the sending terminal station as shown 
in Fig. 3 employs the plurality of BiDCGs la to Id according 
to the first embodiment of the present invention, the space 
required for mounting the sending terminal station and the 
manufacturing cost can be reduced to close to half of those in 
the case of using prior art DCGs . In addition, the space 
required for mounting the sending terminal station is reduced 
to one quarter or less that required for mounting the prior art 
sending terminal station, as shown in Fig. 9, using a plurality 
of dispersion compensation fibers. Furthermore, since the 
insertion loss produced by each of the plurality of BiDCGs la 
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to Id is considerably low as compared with that produced by such 
a conventional dispersion compensation fiber, there is no need 
to provide a light amplifier for compensating the insertion loss 
produced in each transmission line for each lightwave signal 
5 of a certain wavelength. 

Referring next to Fig, 4, there is illustrated a block 
diagram showing the structure of an example of a receiving 
terminal station that performs a post dispersion compensation 
using a plurality or BiDCGs according to the first embodiment 

10 of the present invention- In the figure, reference numeral le 
denotes a first BiDCG that is so constructed as to introduce 
dispersion compensations of ±2,500 ps/nm into two input 
lightwave signals, If denotes a second BiDCG that is so 
constructed as to introduce dispersion compensations of ±500 

15 ps/nm into two input lightwave signals, 41a denotes a first DCG 
that is so constructed as to introduce a positive dispersion 
compensation of +1000 ps/nm into an input lightwave signal, "41b 
denotes a second DCG that is so constructed as to introduce a 
positive dispersion compensation of +500 ps/nm into an input- 

20 lightwave signal, 42a denotes a third DCG that is so constructed 
as to introduce a negative dispersion compensation of -1,000 
ps/nm into an input lightwave signal, 42b denotes a fourth DCG 
that is so constructed as to introduce a negative dispersion 
compensation of -500 ps/nm into an input lightwave signal, 107 

25 denotes a transmission fiber, 104 j denotes a light amplifier, 
43 denotes a 1:4 optical demultiplexer, 44a to 44d denote 1:2 
optical demultiplexers, and 45a to 45h denote optical receivers 
or ORs for ^receiving lightwave signals with differen-t 
wavelengths of A._ 4 , A_ 3 , A_ 2 , A.^, A^,, A +2 , A +3 , A. +4 , 

3 0 respectively. 



Next, a description will be made as to the operation of 
the receiving terminal station. It is assumed that the 
lightwave signals with different wavelengths of A_ 4/ A_ 3 , A 
-2/ ^--i/ A M , A^ 3 , A„ 3 , A, 4 need post dispersion compensations 
of +3,500 ps/nm, +2,500 ps/nm, +1,500 ps/nm, +500 ps/nm, -500 
ps/nm, -1,500 ps/nm, -2,500 ps/nm, and -3,500 ps/nm, 
respectively. The optical demultiplexer 4 3 divides 
wavelength-multiplexed light including eight lightwave 
signals of different wavelengths, which has been transmitted 
by way of the transmission fiber 107 and amplified by the light 
amplifier 104 j , into four groups each including two light waves . 
Among them, a first group comprised of the lightwave signal with 
a wavelength of A, 4 and -the lightwave signal with a wavelength 
of A_ 3 is applied to the first input terminal 2e of the first 
BiDCG le, and a second group comprised of the lightwave signal 
with a wavelength of A +4 and the lightwave signal with a 
wavelength of A +3 is applied to the second input terminal 4e 
of the first BiDCG le. The first BiDCG le then introduces a 
positive dispersion compensation of +2 , 500 ps/nm into both the 
lightwave signal with a wavelength of A_ 4 and the. lightwave 
signal with a wavelength of A_ 3 , and also introduces a negative 
dispersion compensation of -2 ,500 .ps/nm into both the lightwave 
signal with a wavelength of A +4 and the lightwave signal with 
a wavelength of A +3 . Accordingly, the desired dispersion 
compensations are provided for both the lightwave signal with 
a wavelength of A_ 3 and the lightwave signal with a wavelength 
of A+ 3 . On the other hand, a further positive dispersion 
compensation of +1, 000 ps/nm is needed for the lightwave signal 
with a wavelength of A_ 4 , and a further negative dispersion 
compensation of -1,000 ps/nm is needed for the licjhtwave signal 



with a wavelength of A. 4 . The optical demultiplexer 4 4a then 
isolates the first group comprised of the lightwave signal with 
a wavelength of A_ 4 and the lightwave signal with a wavelength 
of A. 3 from each other. The isolated lightwave signal with a 
wavelength of A_ 4 is input to the first DCG 41a. The first DCG 
41a then introduces the remaining positive dispersion 
compensation into the lightwave signal with a wavelength of A. 
_ 4 * The lightwave signal with a wavelength of A_ 4 
dispersion-compensated this way is input to the first OR 45a, 
and the already-dispersion-compensated lightwave signal with 
a wavelength of A_ 3 from the optical demultiplexer 44a is input 
to the second OR 45b, just as it is* Similarly, the optical 
demultiplexer 44d isolates the second group comprised of the 
lightwave signal with a wavelength of A, 4 and ttre lightwave 
signal with a wavelength of A +3 from each other, and the isolated 
lightwave signal with a wavelength of A +4 is input to the fourth 
DCG 4 2b. The fourth DCG 42b then introduces the remaining 
negative dispersion compensation into the lightwave signal with 
a wavelength of A_ 4 . The lightwave signal with a wavelength 
of A +4 dispersion-compensated this way is input to the eighth 
OR 4 5h, and the already-dis.persion-compensated lightwave 
signal with a wavelength o.f A +3 f rom the optical demultiplexer 
44d is input to the seventh OR 45g, just as it is. 

Like the above-mentioned two groups of lightwave signals , 
a third group comprised of the lightwave signal with a 
wavelength of A_ 2 and the lightwave signal with a wavelength 
of is input to the first input terminal 2f of the second 
BiDCG If, and a fourth group comprised of the lightwave signal 
with a wavelength of A +2 and the lightwave signal with a 
wavelength of A n is input to the second input^ terminal 4f of 
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the second BiDCG If, After that, the second BiDCG If and the 
second and third DCGs 41b and 42a then introduce desired 
dispersion compensations into those lightwave signals with 

wavelengths of A_ 2 , A +2 , and A + l in cooperation with each 

5 other. The dispersion-compensated lightwave signals with 

wavelengths of A_ 2 , A -lf A +2 , and A + 1 are then input to the third 
through sixth ORs 45c to 45f, respectively. 

Thus, the implementation of the receiving terminal 
station using the two BiDCGs le and If makes it possible to reduce 
10 the space required for mounting the receiving terminal station 
and the manufacturing cost as compared with in the case of using 
prior art DCGs. 

Second Embodiment 

15 As previously explained, the dispersion compensation 

device 1 according to the first embodiment of the present 
invention is so constructed as to allow two lightwave signals 
of different wavelengths to enter the single chirped grating 
fiber 6 from two opposite directions. Therefore, there is 

20 apprehension about cross talk light. Next, a description will 
be made as to cross talk light with reference to Fig. 1. For 
example, slight part of a lightwave signal .with a wavelength 
of A.i, which has been input to- the BiDCG 1 by way of the first 
input terminal 2, can appear at the second output terminal 5, 

2 5 because, in general, the reflectivity of the chirped grating 

fiber 6 is not 100%. Similarly, slight part of a lightwave 
signal with a wavelength of which has been input to the BiDCG 
1 by way of the second input terminal 4, can appear at the first 
output terminal 3. Thus, light with a low amplitude but with 

3 0 an undesired wavelength as well as a lightwave signal with a 



desired wavelength can appear at both of the first and second 
output terminals 3 and 5. Such light is hereafter referred to 
as cross talk light. Even though cross talk light is input to 
the optical multiplexer 105 as shown in Fig. 3, if the 
multiplexer 105 is constructed of an AWG, the cross talk light 
does not appear at the output terminal of the multiplexer 105. 
This is because among lightwave signals applied to one input 
terminal of an AWG, only light of a certain wavelength inherent 
in the input terminal can appear at the output terminal of the 
AWG and therefore any light with a wavelength that differs from 
the certain wavelength cannot appear at the output terminal. 
Thus, cross talk light is eliminated in an AWG. By comparison, 
if the optical multiplexer 105 is constructed of a star coupler, 
when light of a desired wavelength, which should be input 
originally, and cross talk light of a wavelength that differs 
from the desired wavelength can be input to each input terminal 
of the star coupler, multiplexing the light of a desired 
wavelength and the cross talk light using the star coupler can 
give rise to a so-called coherent cross talk problem. The - 
problem is that light with a certain wavelength inherent in each 
input terminal interferes with cross talk light with the same 
wavelength input by way of another corresponding input 
terminal. 

Referring next to Fig. 5, there is illustrated a block 
diagram showing the structure of a dispersion compensation 
device according to a second embodiment of the present invention, 
which is so constructed as to prevent the generation of coherent 
cross talk. In the figure, the same reference numerals as shown 
in Fig. 1 designate the same components as those of the 
dispersion compensation device according to- the above- 
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mentioned first embodiment of the present invention. 
Reference numeral 11 denotes a dispersion compensation device 
or BiDCG of the second embodiment , 50a denotes a first grating 
fiber connected to an output terminal of a first optical 
5 circulator 7a, -for reflecting cross talk light that originates 
from a lightwave signal input to the BiDCG 11 by way of a second 
input terminal 4, 50b denotes a second grating fiber connected 
to an output terminal of a v .seco.nd optical circulator 7b / for 
reflecting cross talk light that originates from a lightwave 

10 signal input to the BiDCG 11 by way of a first input terminal 
2, 51a denotes a first ref lectionless termination for absorbing 
cross talk light reflected by the first grating fiber 50a, and 
51b denotes a second ref lectionless termination for absorbing 
cross talk light reflected by the second grating fiber 50b. Fig. 

15 5 shows an example of the structure of the dispersion 

compensation device of the second embodiment in which a 

lightwave signal with -a -wavelength of A._ 4 *rs input by way of 
the first input terminal 2 and a lightwave signal with a 
wavelength of A +4 is input by way of the second input terminal. 
20 4, and the first grating fiber 50a is adapted to reflect cross 
talk light with a wavelength of A +4 and the second grating fiber 
50b is adapted to reflect cross talk light with a wavelength 

of A _ 4 . 

Next, a description will be made as to the operation of 
25 the BiDCG 11. Although most of the lightwave signal with a 
wavelength of which has been input to the dispersion 

compensation device 11 by way of the first input terminal 2, 
is reflected by the chirped grating fiber 6, slight part of the 
lightwave signal appears at the intermediate terminal of the 
30 second optical circulator 7b and then reaches the second grating 



fiber 50b by way of the second optical circulator 7b. The second 
grating fiber 50.b reflects the cross talk light with a 
wavelength of backward and toward the second optical 
circulator 7b. After that, the cross talk light with a 
wavelength of is absorbed by the second ref lectionless 
termination 51b- Thus, the BiDCG 11 of the second embodiment 
can prevent the cross talk light with a wavelength of A_ 4 from 
appearing at the second output terminal 5 . Similarly, although 
most of the lightwave signal with a wavelength of /L 4 , which 
has been input to the dispersion compensation device 11 by way 
of the second input terminal 4, is reflected by the chirped 
grating fiber 6, slight part of the lightwave signal appears 
at the intermediate terminal of the first optical circulator 
7a and then reaches the first grating fiber 50a by way of the 
first optical circulator. 7a- The first grating fiber 50a 
reflects the cross talk light with a wavelength of backward 
and toward the first optical circulator 7a. After that, the 
cross talk light with a wavelength of A +4 is absorbed by the 
first ref lectionless termination 51a. Thus, the BiDCG 11 of 
the second embodiment can prevent -the cross talk light with a 
wavelength of A >4 from appearing at the first output terminal 
3, Accordingly, the dispersion compensation device according 
to the second embodiment of the present invention can provide 
dispersion compensations of the same absolute amount but of 
opposite sign for both two different input lightwave signals, 
respectively, using the single chirped grating fiber 6. In 
addition, even though a star coupler is connected to the output 
terminal of the dispersion compensation device according to the 
second embodiment of the present invention, the dispersion 
compensation device can prevent the generation of coherent 
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cross talk in the star coupler. 

Third Embodiment 

As previously mentioned, in a pre dispersion compensation, 
5 the coherent cross talk problem can be solved through the use 
of a plurality of dispersion compensation devices according to 
the above-mentioned second embodiment as shown in Fig. 5. By 
contrast, a problem with a post dispers ion compensation as shown 
in Fig. 4 is that light of a certain wavelength, which cannot 

10 be eliminated by the optical demultiplexer 43, can cause 

coherent cross talk and hence reduce the .signal quality. Tn 
accordance with a third embodiment of the present invention, 
there is .provided a. dispers,ion compensation device that can 
prevent coherent cross talk even when performing a post 

15 dispersion compensation. 

Referring next to Fig. 6, there is illustrated a block 
diagram showing the structure of a dispersion compensation 
device according to the third embodiment of the present 
invention. In the figure, the same reference numerals as shown- 

20 in Fig. 1 designate the same components as those of the 

dispersion compensation device according to the aforementioned 
first embodiment of the present invention. .Reference numeral 
61 denotes a dispersion compensation device or BiDCG of the 
third embodiment of the present invention, 60a denotes a first 

2 5 grating fiber connected to an intermediate terminal of a first 

optical circulator 7a, for reflecting cross talk light that 
originates from a lightwave signal input to the BiDCG 61 by way 
of a second input terminal 4 and then reaches the first grating 
fiber 60a by way of the chirped grating fiber 6, and 60b denotes 

3 0 a second grating fiber connected to an intermediate terminal 
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of a second optical circulator 7b, for reflecting cross talk 
light that originates from a lightwave signal input to the BiDCG 
61 by way of a first input terminal 2 and then reaches the second 
grating fiber 60b by way of the chirped grating fiber 6. Fig-. 
6 shows an example of the structure of the dispersion 
compensation device of the second embodiment in which both a 
lightwave signal with a wavelength of A_ 4 and a lightwave signal 
with a wavelength of A_ 3 are mostly input to the BiDCG 61 by 
way of the first input terminal 2 and both a lightwave signal 
with a wavelength of A, 4 and a lightwave signal with a wavelength 
of A +3 are mostly input to the BiDCG 61 by -way of the second 
input terminal 4, and the first grating fiber 60a is adapted 
to reflect both cross talk light with a wavelength of A +4 and 
cross talk light with a wavelength of A 0 and the second grating 
fiber 60b is adapted to reflect both cro*ss talk light with a 
wavelength o-f A_ 4 and cross talk light with a wavelength of A 
_ 3 . The BiDCG 61 of the third embodiment of the present invention 
can be used as a substitute for the BiDCG le as shown in Fig- 
4 . 

Next, a description will be made as to the- operation of 
a BiDCG without the first and second grating fibers 60a and 60b. 
While both a lightwave signal with a wavelengths of A_ 4 and a 
lightwave signal with a wavelength of A_ 3 are input to the BiDCG 
61 by way of the first input terminal 2, slight amounts of light 
components with wavelengths of A_ 2 through A M are also input 
to the BiDCG 61 by way of the first input terminal 2 because 
the optical demultiplexer 43 cannot eliminate those light 
components perfectly. All the light components reach the 
chirped grating fiber 6 by way of the first optical circulator 
7a and are reflected by the chirped grating fiber 6. They then 
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appear at the first output terminal 3. In general, since the 
chirped grating fiber 6, however, does not have an ideal 
reflectivity of 100 %, slight part of them can reach the second 
output terminal 5 by way of the second optical circulator 7b. 
5 On the other hand, while both a lightwave signal with a 

wavelength of A +4 and a lightwave signal with a wavelength of 
A +3 are input to the BiDCG 61 by way of the second input terminal 

4, slight amounts of light components with wavelengths of A 
_ 4 through A +2 are also input to the BiDCG 61 by way of the second 

10 input terminal 4 because the optical demultiplexer 43 cannot 
eliminate those light components perfectly- Both the 
lightwave signal with a wavelength of A +4 and the lightwave 
signal with a wavelength of A +3 , which have been applied to the 
BiDCG 61 by way of the second input terminal 4 , reach the chirped 

15 grating fiber 6 by way of the second optical circulator 7b and 
are reflected by the chirped grating fiber 6. They then appear 
at the second output terminal 5. As a result, at the second 
output terminal 5, both the lightwave signal with a wavelength 

of A +4 and the lightwave signal with a wavelength of A + 3 , which 
20 should be originally furnished via the second output terminal 

5, interfere with slight part of light components with 
wavelengths of A +4 and A +3 , which have been input to the BiDCG 
61 by way of the first input terminal 2, and therefore coherent 
cross talk occurs, thereby reducing their signal quality. 

25 Similarly, at the first output terminal 3, slight part of light 
components with wavelengths of A_ 4 and A_ 3 , which have been 
input to the BiDCG 61 by way of the second input terminal 4, 
interferes with both the lightwave signal with a wavelength of 
A_ 4 and the lightwave signal with a wavelength of A_ 3 , which 

30 have been input to the BiDCG 61 byway of the first input terminal 



2, and therefore coherent cross talk occurs. 

On the contrary, in the case of the third embodiment, i.e. 
in the case where the first and second grating fibers 60a and 
60b are disposed as shown in Fig. 6, slight part of light 
components with wavelengths of A. 4 and A +3 , which have been 
input to the BiDCG 61 by way of the first input terminal 2, is 
mostly reflected by the first grating fiber 60a and is further 
reflected by the chirped grating fiber 6. Therefore, no light 
components with wavelengths of A»< and from the first input 
terminal 2 appear at the second output terminal 5. Similarly, 
slight part of light components with wavelengths of A_< and A. 

which have been input to the BiDCG 61 by way of the second 
input terminal 4, is mostly reflected by the second grating 
fiber 60b and is further reflected by the chirped grating fiber 
6. Therefore, no light components with wavelengths of A._ 4 and 
A. 3 from the second input terminal 4 appear at the first output 
terminal 3 . 

Accordingly, the dispersion compensation device 
according to the third embodiment of the present invention can 
provide dispersion compensations of the same absolute amount 
but of opposite sign for both two different input lightwave 
signals, respectively, using the single chirped grating fiber 
6 . In addition, the dispersion compensation device can prevent 
the generation of coherent cross talk even when performing a 
post dispersion compensation. 

In a variant, instead of disposing the first grating fiber 
60a between the first optical circulator 7a and the chirped 
grating fiber 6, the first grating fiber 60a can be disposed 
between the first input terminal 2 and the first optical 
circulator 7a. The variant can offer the same advantage as 
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provided the third embodiment: mentioned above. Also, instead 
of disposing the second grating fiber 60b between the second 
optical circulator 7b and the chirped grating fiber 6, the 
second grating fiber 60b can be disposed between the second 
5 input "terminal 4 and the second optical circulator 7b, This 
variant can also offer the same advantage as provided the third 
embodiment mentioned above. 

Fourth Embodiment 

10 Referring next to Fig. 7, there is illustrated a block 

diagram showing the structure of a dispersion compensation 
device or BiDCG according to a fourth embodiment of the present 
invention. JDn the figure, the. -same ref erence ^numerals as shown 
in Fig. 1 designate the same components as those of the 

15 dispersion compensation device according to the above- 
mentioned first embodiment of the present invention. 
Reference numeral 71 denotes a dispersion compensation device 
or BiDCG of the fourth embodiment of the present invention, 70a 
denotes a first 3dB optical coupler, 70b denotes a second 3dB 

20 optical coupler, 75a denotes a first ref lectionless termination 
connected to the first 3dB optical coupler 70a, and 75b denotes 
a second ref lectionless termination connected to the second 3dB 
optical coupler 70b. The first 3dB optical coupler 70a has a 
first pair of terminals and a second pair of terminals . One 

2 5 of the first pair of terminals of the first 3dB optical coupler 
70a serves as a first input terminal 2 of the BiDCG 71, and the 
other serves as a first output terminal 3 of the BiDCG 71. One 
of the second pair of terminals of the first 3dB optical coupler 
70a is connected to the chirped grating fiber 6, and the other 

30 is connected to the first ref lectionless termination 75a. 
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Similarly, the second 3dB optical coupler 70b has a first pair 
of terminals and a second pair of terminals. One of the ; f irst 
pair of terminals of the second 3dB optical coupler 70b serves 
as a second input terminal 4 of the BiDCG 7 1 , and the other serves 
5 as a second output terminal 5 of the BiDCG 71 • One of the second 
pair of terminals of the second 3dB optical coupler 70b is 
connected to the chirped grating fiber 6, and the other is 
connected to the second ref lectionless termination 75b. 

Next, a description will be made as to the operation of 

10 the BiDCG 71 of the fourth embodiment. The first and second 
3dB optical couplers 70a and 70b operate in a manner similar 
to the first and second optical circulators 7a and 7b of the 
dispersion compensation device according to the above- 
mentioned first embodiment of the present invention. The first 

15 3dB optical coupler 70a divides light with a wavelength of A. 
_i applied to the first input terminal 2 into two equal parts, 
and one of them is input to the chirped grating fiber 6. The 
part o;f the light with a wavelength of A_ ir which is input to 
the chirped grating fiber 6, is reflected by the chirped grating 

2 0 fiber 6 and is further divided into two equal .parts by the first 

3dB optical coupler 70a. One of them is furnished by way of 
the first output terminal 3. The other part of the light with 
a wavelength of applied to the first input terminal 2, which 
has been divided for the first time, enters the first 
25 ref lectionless termination 75a and is then absorbed by the first 
ref lectionless termination. Similarly, the second 3dB optical 
coupler 70b divides light with a wavelength of A +i applied to 
the second input terminal 4 into two equal parts, and one of 
them is input to the chirped grating fiber 6. The part of the 

3 0 light with a wavelength of A. if which is input to the chirped 
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grating fiber 6, is reflected by the chirped grating fiber 6 
and is further divided into two' equal parts by the second 3dB 
optical coupler 70b. One of them is furnished by way of /the 
second output terminal 5. 
5 Accordingly, the dispersion compensation device 

according to the fourth embodiment of the present invention can 
provide dispersion compensations of the same absolute amount 
but of opposite sign for both two different input lightwave 
signals, respectively, using the single chirped grating fiber 

10 6. in addition, although there causes, in theory, an insertion 
loss of 6dB in the amount of light applied to either of the first 
and second input terminals 2 and 4 because the light makes a 
round trip in the 3dB optical coupler, the physical size and 
manufacturing cost of the dispersion compensation device can 

15 be reduced, because it does not use any optical circulator, 
unlike the dispersion compensation device according to the 
first embodiment .mentioned above. 

Fifth Embodiment 

2 0 Referring next to Fig. 8, there is illustrated a block 

diagram showing the structure of a dispersion compensation 
device or BiDCG according to a fifth embodiment of the present 
invention. In the figure, reference numeral 81 denotes a 
dispersion compensation device or BiDCG of the fifth embodiment 

2 5 of the present invention, 80a denotes a first 3dB optical 

coupler, 80b denotes a second 3dB optical coupler, 86a denotes 
a first chirped grating fiber, and 86b denotes a second chirped 
grating fiber. The first 3dB optical coupler 80a has a first 
pair of terminals and a second pair of terminals. One of the 

30 first pair of terminals of the first 3dB optical coupler 80a 



serves as a first input terminal 2 of the BiDCG 81 , and the other 
serves as a first output terminal 3 of the BiDCG 81. One' of 
the second pair of terminals of the first 3dB optical coupler 
80a is connected to one end portion of the first chirped grating 
fiber 86a with a shorter grating pitch or spacing, and the other 
is connected to one end portion of the second chirped grating 
fiber 86b with a shorter grating pitch. Similarly, the second 
3dB optical coupler 80b has a first pair of terminals and a second 
pair of terminals- One of the first pair of terminals of -the 
second 3dB optical coupler 80b serves as a second input terminal 
4 of the BiDCG 81, and the other serves as a second output 
terminal 5 of the BiDCG 81. One of the second pair of terminals 
of the second 3dB optical coupler 8 0b is connected to another 
end portion of the first chirped grating fiber 86a with a longer 
grating pitch, and the other is connected to another end portion 
of the second chirped grating fiber 8 6b with a longer grating 
pitch. The first and second chirped grating fibers 86a and 8 6b 
have the same structure as the chirped grating fiber 6 according 
to any one of the first to fourth embodiments- Thus, the whole 
optical system of the dispersion compensation device according 
to the fifth embodiment of the present invention is configured 
in the form of a Mach-Zehnder interferometer. 

Next, a description will be made as to the operation of 
the BiDCG 81. The first and second 3dB optical couplers 80a 
and 80b operate in a manner similar to the first and second 
optical circulators 7a and 7b, as shown in Fig. 1, of the 
dispersion compensation device according to the above- 
mentioned first embodiment of the present invention. The first 
3dB optical coupler 80a divides light with a wavelength of A 
_ 4 applied to the first input terminal 2 into two equal parts, 



and one of them is input to the first chirped grating fiber 86a 
and the other is input to the second chirped grating fiber 86b. 
Those parts of the light of a wavelength of X_ if which have been 
input to the first and second chirped grating fibers 86a and 
86b, are reflected and positive-dispersed by the first and 
second chirped grating fibers 86a and 86-b. After that, they 
enter the first 3dB optical coupler 80a again. All of them of 
a wavelength of which have been reflected by the first and 

second chirped grating fibers 86a and 86b, are then combined 
and furnished by way of the first output terminal 3 without being 
divided into two parts. The reason why the combination of one 
optical coupler and two grating fibers can reduce the insertion 
loss to zero in theory is disclosed in detail by for example 
D. C. Johnson et al,, "New design concept for narrowband 
wavelength-selective Optical tap and combiner", Electron. 
Lett. , Vol. 23, No. 13, pp. 668-669, June, 19 87. The description 
of the reason why the insertion loss is zero will be, therefore 
omitted hereafter. 

Similarly, the second 3dB optical coupler 80b divides" 
light with a wavelength of A +i applied to the second input 
terminal 4 into two equal parts, and one of them is input to 
the first chirped grating fiber 86a and the other is input to 
the second chirped grating fiber 86b. Those parts of the light 
of a wavelength of which have been input to the first and 

second chirped grating fibers 86a and 86b, are reflected and 
negative-dispersed by the first and second chirped grating 
fibers 86a and 86b. After that, they enter the second 3dB 
optical coupler 80b again. All of them of a wavelength of A 
+i , which have been reflected by the first and second chirped 
grating fibers 86a and 86b, are then combined and furnished by 



way of the second output terminal 5 without being divided into 
two parts • 

Accordingly , the dispersion compensation device 
according to the fifth embodiment of the present invention can 
provide dispersion compensations of the same absolute amount 
but of opposite sign for both two different input lightwave 
signals, respectively while reducing the insertion loss to zero 
in theory, using the two optical couplers 8 0a and 8 0b and the 
two chirped grating fibers 86a and 8 6b. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 
scope of the present invention as defined in the appended claims. 
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Claims 

1. A dispersion compensation device, characterized in 
that said device comprises: 
5 a chirped grating (6 or 86a); 

first optical means (7a, 70a or 80a) for guiding at least 
a lightwave signal with a wavelength of X i that needs a positive 
dispersion compensation and is applied thereto to one end 
portion of said chirped grating whose grating pitch is shorter, 
10 and for furnishing light reflected by said chirped grating; and 
second optical means (7b, 70b or 80b) for guiding at least 

a lightwave signal with a wavelength of A 3 that needs a negative 
dispersion compensation and is applied thereto to another end 
portion of said chirped grating whose grating pitch is longer, 
15 and for furnishing light reflected by said chirped grating. 

2 . The dispersion compensation device according to Claim 
1, characterized in that said first optical means is a first 
optical circulator (7a) having an intermediate terminal 
20 connected to the end portion of said chirped grating whose 
grating pitch is shorter, and wherein said second optical means 
is a second optical circulator (7b) having an intermediate 
terminal connected to the other end portion of said chirped 
grating whose grating pitch is longer. 

25 

3, The dispersion compensation device according to Claim 
1, characterized in that said first optical means is a first 
optical coupler (70a or 80a) having a terminal connected to the 
end portion of said chirped grating whose grating pitch is 
30 shorter, and wherein said second optical means is a second 
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optical coupler (70b or 80b) having a terminal connected to the 
other end portion of said chirped grating whose grating pitch 
is longer. 

4. The dispersion compensation device according to any 
one of Claims 1 to 3, characterized in that said device further 
comprises a first grating fiber (50a) connected to an output 
terminal of said first optical means through which light 
reflected by said chirped grating fiber is furnished, for 
reflecting at least light with a wavelength of A jf and a second 
grating fiber (50b) connected to an output terminal of said 
second optical means through which light reflected by said 
chirped grating fiber is furnished, for reflecting at least 
light with a wavelength of 

5. The dispersion compensation device according to any 
one of Claims 1 to 3, characterized in that said device further 
comprises a first grating fiber (60a) connected between said 
first optical means and said chirped grating fiber, for 
reflecting at least light with a wavelength of A jf and a second 
grating fiber (60b) connected between said second optical means 
and said chirped grating fiber, for reflecting at least light 
with a wavelength of A^. 

6. The dispersion compensation device according to any 
one of Claims 1 to 3 , characterized in that said device further 
comprises a first grating fiber connected to an input terminal 
of said first optical means through which at least the lightwave 
signal with a wavelength of A A is input, for reflecting at least 
light with a wavelength of A 3 . and a second grating fiber 
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connected to an input terminal of said second optical means 
through which at least the lightwave signal with a wavelength 

of A 3 is input , for reflecting at least light of a wavelength 
of 

5 

7. The dispersion compensation device according to Claim 
3, characterized in that said device further comprises a second 
chirped grating fiber (86b) having an end portion whose grating 
pitch is shorter and which is connected to said first optical 
10 coupler and another end porti'on whose grating pitch is longer 
and which is connected to said second optical coupler, wherein 
said first optical coupler is connected to both said first and 
second chirped gratings so that said first optical coupler 

divides at least the lightwave signal of a wavelength of X 
15 i applied thereto into two parts and guides them to said first 
and second chirped gratings , respectively, and then combines 
light reflected by said first chirp.ed grating with light 
reflected by said second chirped grating and furnishes the 
combined light, and wherein said second optical coupler is 
2 0 connected to both said first and second chirped gratings so. that 
said second optical coupler divides at least the lightwave 
signal of a wavelength of A 5 applied thereto into two parts 
and guides them to said first and second chirped gratings, 
respectively, and then combines light reflected by said first 
2 5 chirped grating with light reflected by said second chirped 
grating and furnishes the combined light. 

8. A dispersion compensation device constructed and arranged to operate 
substantially as hereinbefore described with reference to and as illustrated in Figures 
I to 8 of the accompanying drawings. 



Amendments to the claims 
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have 



been 



filed as follows 



1. A dispersion compensation device, characterized in 
that said device comprises: 

5 a chirped grating (6 or 86a); 

first optical means (7a, 70a or 80a) for guiding at least 

a lightwave signal with a wavelength of that needs a positive 
dispersion compensation and is applied thereto to one end 
portion of said chirped grating whose grating pitch is shorter, 
10 and foz_ out P uttin< 3 light reflected by said chirped grating; and 
second optical means (7b, 70b or 80b) for guiding at least 

a lightwave -signal with a wavelength of A. j that needs a negative 
dispersion compensation and is applied thereto to another .end 
portion of said chirped grating whose grating pitch is longer, 
15 and for output ting light reflected by said chirped grating. 

2. The dispersion compensation device according to Claim 
1, characterized in that said first optical means is a first 
optical circulator (7a) having an intermediate terminal 

20 connected to the end portion of said chirped grating whose 
grating pitch "is shorter, and wherein said second optical means 
is a second optical circulator (7b) having an intermediate 
terminal connected to the other end portion of said chirped 
grating whose grating pitch is longer. 

25 

3. The dispersion compensation device according to Claim 
1, characterized in that said first optical means is a first 
optical coupler (70a or 80a) having a terminal connected to the 
end portion of said chirped grating whose grating pitch is 

3 0 shorter, and wherein said second optical means is a second 



optical coupler (70b or 80b) having a terminal connected to the 
other end portion of said chirped grating whose grating pitch 
is longer. 

5 4. The dispersion compensation device according to any 

one of Claims 1 to 3, characterized in that said device further 
comprises a first grating fiber (50a) connected to an output 
terminal of said first optical means through which light 
reflected by said chirped grating fiber is output for 
10 ref lecting -at least light with ; a wavelength of and a second 
grating fiber (50b) connected to an output terminal of said 
second optical means through which light reflected by said 
chirped grating fiber is output , for reflecting at least 
light with a wavelength of 

15 

5. The dispersion compensation device according to any 
one of Claims 1 to 3, characterized in that said device further 
comprises a first grating fiber (60a) connected between said 
first optical means and said chirped grating fiber, for 

20 reflecting -at least light with a wavelength of A 5 , and a second 
grating fiber (-60 b) connected between 'said second optical means 
and said chirped grating fiber, for reflecting at least light 
with a wavelength of 

25 6. The dispersion compensation device according to any 

one of Claims 1 to 3, characterized in that said device further 
comprises a first grating fiber connected to an input terminal 
of said first optical means through which at least the lightwave 
signal with a wavelength of X L is input, for reflecting at least 

30 light with a wavelength of A jf and a second grating fiber 
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.connected to an input terminal of said second optical means 
through which at least the lightwave signal with a wavelength 

of Aj is input, for reflecting at' least light of a wavelength 
of A A . 

7.. The dispersion compensation device according to Claim 
3 , characterized in that said device further comprises a second 
chirped grating fiber (86b) having an end portion whose grating 
pitch is shorter and which is connected to said first optical 
coupler and another end portion whose grating pitch is longer 
and which is connected to said second optical coupler, wherein 
said first optical coupler is connected to both said first -and 
second chirped gratings so that said first optical coupler 
divides at least the lightwave .signal of a wavelength of A 
t applied thereto into two parts and guides them to said first 
and second chirped gratings, respectively, and then combines 
light reflected by said first chirped grating with light 
reflected by said second chirped grating and outputs ' the 
combined light, and wherein said second optical coupler is 
connected to both said.first and second chirped gratings so that 
said second optical coupler divides at least the lightwave 
signal of a wavelength of A } applied thereto into two parts 
and guides them to said first and second chirped gratings, 
respectively, and then combines light reflected by said first 
chirped grating with light reflected -by said second chirped 
grating and outputs the combined light. 

8. A dispersion compensation device constructed and arranged to operate. 

substantially as hereinbefore described with reference to and as illustrated in Figures 
I to 8 of the accompanying drawings. 




Patent 
Office 

43 



Application No: 
Claims searched: 



GB 9827240.4 
1-8 



Examiner: 
Date of search: 



INVESTOR IN PEOPLE 

Stephen Brown 
12 February 1999 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 
UK Cl (Bd.Q): H4B (BK18) 
Int CI (Ed. 6): H04B: 10/18. 
Other: Online : WPI, EPODOC, JAPIO 



Documents considered to be relevant: 



Category 


Identity of 'document and relevant passage 


Relevant 
to claims 


A 
A 


EP 0 732 819 A2 (Sumitomo) 
US 5 093 876 (AT&T) 





X Document indicating lack of novelty or inventive step A 
Y Document indicating lack of inventive step if combined P 
with one or more other documents of same category. 

E 

& Member of the same patent family 



Document indicating technological background and/or state of the an. 
Document published on or after the declared priority date but before 
the filing date of this invention. 

Patent document published on or after, but with priority date earlier 
than, the filing date of this application. 



An Executive Agency of the Department of Trade and Industry 



